Background: the Falls Efficacy Scale-International (FES-I) is a widely used measure of fear of falling that assesses concerns with respect to falls over a range of physical and social activities. In the original validation study, the methods used (self-selection by participants) were likely to over-represent those with a higher educational level and socio-economic grouping. In addition, the factor analysis method used was potentially less applicable to older individuals and may have been less likely to measure the construct of fear of falling. Objective: to validate the internal validity of the FES-I and assess its suitability as a measure of fear of falling. Design: cross-sectional survey. Setting: community sample. Methods: a random sample of 200 participants aged 60 years completed the FES-I by structured interview. We verify internal validity with a factor analytic approach not previously employed in this study design context, principal factor analysis on the matrix of polychoric correlations. Results: we find no redundancy in the questions on the FES-I. All are found to strongly represent concerns about falling during social and physical activities. Conclusion: the FES-I is an appropriate tool to assess fear or concerns with respect to falls in the general elderly population, and more appropriately represents concern of falling than has previously been found. Future health services research with the FES-I should have its design informed by the results presented in this study, as the structure of the 'concern with falling' factor differs markedly from that found in previous validity testing.
Introduction
Many older individuals, both fallers and non-fallers, suffer from a variety of adverse psychosocial difficulties related to falling including fear, anxiety, loss of confidence and impaired self-efficacy (in this context the self-perception of ability to walk safely without falling) [1] [2] [3] [4] . The umbrella term for these problems is 'fear of falling', and is found in 50% of community-dwelling elders who fall, and up to 50% of those who have never fallen [1] [2] [3] . Given its impact on wellbeing, increasing dependency and declining mobility, it is of paramount importance to accurately measure fear or concerns with respect to falls in the clinical arena as well as in research that addresses this issue both as a primary and secondary outcome measure.
In recent years, a modification of Tinetti's original Falls Efficacy Scale [4] , the Falls Efficacy Scale-International (FES-I) [5] has been validated in multiple languages and settings, but has yet to be reported in the context of an outcome measure in a falls or fear of falling intervention study. Yardley et al.'s original study incorporated factor analysis to enhance the evaluation of the internal validity of the FES-I, but as the authors noted, the methods used (selfselection by participants) were likely to over-represent those with a higher educational level and socio-economic grouping [5] . To assess its utility as both a clinical tool and outcome measure in falls research, we further attempt to verify the internal validity of the FES-I with a more representative sample of older participants and a method of factor analysis that is more appropriate in the study design context.
Methods Participants
As part of a falls service development initiative between primary and secondary care, we initiated a novel Falls Prevention Service using a general practitioner electronic patient notes-based case-ascertainment approach of patients age 60 years and over in 17 general practices in the North East of England. Patients are invited to attend a multidisciplinary falls service for review, during which they selfcomplete the FES-I, a 16-item questionnaire assessing fear or concerns with respect to falls. The first 1,000 participants seen at the service in the year following its inception in 2009 comprised the initial study group; 60.5% were female and 39.5% male and with the data presented in Table 1 illustrates adequate representation in this group and variation across age and Index of multiple deprivation (as a proxy for socioeconomic background).
There is little consensus on adequate sample sizes in factor analysis, but more recent opinion suggests variable to samples size ratio of 6 is sufficient to support our conclusions [6] . The statistical analysis is based on a random sample of 200 of these anonymised FES-I questionnaires which leaves a ratio of observations to variables of beyond six.
Steps of factor analysis
Factor analysis is a form of summary of the correlation structure between variables. The stages of factor analysis will be outlined, and at each step we will critique and suggest improvements in the manner of factor analysis in the original study [5] .
The aim of factor analysis when examining internal structure is often for the identification of a latent component [7] . In the case of the FES-I, this latent component represents fear or concerns with respect to, a concept that cannot be adequately measured by a single survey question. Yardley et al. [5] identify the fear of falling component with the principal components analysis method of factor analysis. We instead apply principle factor analysis which is a preferable method to explore the structure of survey questions when a theoretical basis for imposing a priori design onto factors is absent [8] .
The correlation structure of factor items is the foundation of factor analysis. It distinguishes substantive (content-based) similarity from similarities of statistical distributions [9] . Yardley et al. [5] captured correlational structure in a matrix of Pearson's correlations. This common method of factor analysis erroneously assumes ordinal items to be truncated versions of continuous variables [10] . The factors discovered in this paper are extracted from a matrix of polychoric inter-item correlations which is a method that produces accurate factor results when survey items have ordered categories [11] .
We are cautious in deciding the number of factors to extract, applying two methods (Cattell's Scree test and Horn's Parallel Analysis) rather than one. These methods are widely used in the literature and are recognised as among the most accurate to determine the number of factors to retain [7, 12] .
Results
The comparison of mean scores on items with those in Yardley et al.'s [5] original paper is presented in Table 2 . The average item scores from across all the questionnaire items are marginally less than in Yardley et al., 1.006 compared with 1.003, respectively. All but two of the factor items are more highly correlated with the underlying factor than in Yardley et al., while the items 'Going to the shop' and 'Getting dressed/undressed' in particular have much larger correlations to the factor, by 0.17 and 0.11 in factor loadings, respectively. The average change in the magnitude of factor scores is substantial (0.09) which indicates the questionnaire is a more valid measure of a latent construct of fear of falling than previously thought. Furthermore, there is substantially less variation across the item-loading scores with the overall standard deviation of item scores 42% that found in the Yardley et al's. paper. This suggests, along with the large-itemloading scores, that the questions are more closely associated with each other and to the underlying factor. In this study, 'Going out to a social event' is notably a more important predictor of the underlying fear of falling (the factor) in the questionnaire, while the dominant item with the largest loading is no longer 'Going up or down stairs' but 'Visiting a friend or relative'.
Discussion
Fear of falling is a clinical construct of enormous importance to patients, their take-carers and the wider health economy. 
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the FES-I questionnaire using more rigorous methodology than previous studies. This study also enhances the methods pursued in Yardley et al. by selecting survey respondents with characteristics representative of the general population likely to fall. In addition, it enhances the analytic method by performing a form of explanatory factor analysis on a matrix of polychoric inter-item correlations and investigating the number of factors to retain through testing. The results suggest much stronger internal validity than previously discovered. All items on the questionnaire are highly relevant to the single underlying factor representing concern with falling, and no single item dominates to a large extent the relevance of other items in their association with the factor. The improved validation of factor constructs [13] discovered is of benefit to future research that is interesting in predicting or explaining fear of falling with the FES-I. First, regression research may want to replace the use of all survey questions with a single 'representative' variable from the FES-I, particularly when strong statistical correlations between item responses is the cause of multicolinearity in the model being used [8] . This single variable found would be the most appropriate choice as it represents the attributes of the questions that are related to each other. Second, in the allocation of care services, there may be benefits to identifying the activities which are of most concern to those vulnerable to falls since fear of falling has been found to cause significant losses in health-related quality of life [14] . These would be the FES-I questions which have the highest loadings onto the common factor found. Third, researchers may wish to identify, cluster and place individuals into categories depending on the more accurate factor scores found in the FES-I. For example, this may help to differentiate individuals with a strong fear of falling or to detect changes in concern with falling over time.
Finally, there are stronger grounds for interpreting and labelling the single factor in the FES-I as factor loadings have been calculated with less statistical bias [8] .
The results suggest much stronger internal validity than previously discovered, with items on the questionnaire being highly relevant to the single underlying factor representing fear of falling. No single item dominates to a large extent the relevance of other items in their association with the factor. Methodological developments in factor analysis have allowed us the opportunity to reappraise the FES-I with the results reinforcing its worth in measuring a single factor, fear of falling. This opens the door to the potential use of the FES-I as the basis for a tool for directly attaching utility values to levels of fear of falling, allowing its effect on health-related quality of life to be estimated directly.
Key points
• The FES-I has not been adequately verified.
• Current inferences based on the comparison of FES-I scores in different populations might be flawed.
• Future health services research with the FES-I should have its design informed by the results presented in this study.
• The structure of the 'concern with falling' factor differs markedly from that found in previous validity testing. 
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